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(57) Abstract: A switch includes a spring. The switch includes a collapsing element. The spring has a first spring state in which it is
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ing element has failed. The collapsing element is situated such that when sufficient power is applied to the collapsing element heat
from the collapsing element will cause the restraining element to fail. The switch includes a first contact coupled to the spring. The
switch includes a second contact coupled to the spring. The first contact and the second contact have a first 1-2 electrical connection
state when the spring is in the first spring state. The first contact and the second contact have a second 1-2 electrical connection state
difterent from the first 1-2 electrical connection state when the spring is in the second spring state.
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Changing the State of a Switch Through the Application of Power
Related Applications

[0001] This application claims priority from International Patent Application No.
PCT/US2011/038900, filed on June 17, 2011, attorney docket number 20111P045564.

Background
[0002] An oil well typically goes through a “completion” process after it is drilled. Casing is installed

in the well bore and cement is poured around the casing. This process stabilizes the well bore and
keeps it from collapsing. Part of the completion process involves perforating the casing and cement so
that fluids in the formations can flow through the cement and casing and be brought to the surface.
The perforation process is often accomplished with shaped explosive charges. These perforation
charges are often fired by applying electrical power to an initiator. Applying the power to the initiator

in the downhole environment is a challenge.

Brief Description of the Drawings

[0003] Fig. 1 illustrates a perforation system.

[0004] Fig. 2 illustrates a perforation apparatus.

[0005] Fig. 3 illustrates the perforation system after one of the perforation charges has been fired.
[0006] Fig. 4 is a block diagram of a perforation apparatus.

[0007] Figs 5-10, 12, 13, and 15-22 illustrate fire clip switches.

[0008] Figs. 11 and 23 illustrate systems that include fire clip switches.

[0009] Fig. 14 illustrates a system that includes a perforation system.

Detailed Description

[0010] The switches described herein can be used in a large number of applications. They will be
described in the context of a downhole perforating system but that description is being provided as an

example only and should not be understood to limit the application of the switch.
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[0011] In one embodiment of a perforation system 100 at a drilling site, as depicted in Fig. 1, a logging
truck or skid 102 on the earth's surface 104 houses a shooting panel 106 and a winch 108 from which a
cable 110 extends through a derrick 112 into a well bore 114 drilled into a hydrocarbon-producing
formation 116. In one embodiment, the derrick 112 is replaced by a truck with a crane (not shown).
The well bore 114 is lined with casing 118 and cement 120. The cable 110 suspends a perforation
apparatus 122 within the well bore 114.

[0012] In one embodiment shown in Figs. 1 and 2, the perforation apparatus 122 includes a cable
head/rope socket 124 to which the cable 110 is coupled. In one embodiment, an apparatus to facilitate
fishing the perforation apparatus (not shown) is included above the cable head/rope socket 124. In one
embodiment, the perforation apparatus 122 includes a casing collar locator (“CCL”) 126, which
facilitates the use of magnetic fields to locate the thicker metal in the casing collars (not shown). The
information collected by the CCL can be used to locate the perforation apparatus 122 in the well bore
114. A gamma-perforator (not shown), which includes a CCL, may be included as a depth correlation

device in the perforation apparatus 122.

[0013] In one embodiment, the perforation apparatus 122 includes an adapter (“ADR”) 128 that
provides an electrical and control interface between the shooting panel 106 on the surface and the rest

of the equipment in the perforation apparatus 122.

[0014] In one embodiment, the perforation apparatus 122 includes a plurality of select fire subs
(“SFS”) 130, 132, 134, 135 and a plurality of perforation charge elements (or perforating gun or “PG”)
136, 138, 140, and 142. In one embodiment, the number of select fire subs is one less than the number

of perforation charge elements.

[0015] The perforation charge elements 136, 138, and 140 are described in more detail in the
discussion of Fig. 4. It will be understood by persons of ordinary skill in the art that the number of
select fire subs and perforation charge elements shown in Figs. 1 and 2 is merely illustrative and is not
a limitation. Any number of select fire subs and sets of perforation charge elements can be included in

the perforation apparatus 122.

[0016] In one embodiment, the perforation apparatus 122 includes a bull plug (“BP”) 144 that

facilitates the downward motion of the perforation apparatus 122 in the well bore 114 and provides a
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pressure barrier for protection of internal components of the perforation apparatus 122. In one
embodiment, the perforation apparatus 122 includes magnetic decentralizers (not shown) that are
magnetically drawn to the casing causing the perforation apparatus 122 to draw close to the casing as
shown in Fig. 1. In one embodiment, a setting tool (not shown) is included to deploy and set a bridge

or frac plug in the borehole

[0017] Fig. 3 shows the result of the explosion of the lowest perforation charge element. Passages
302 (only one is labeled) have been created from the formation 116 through the concrete 120 and the
casing 118. As a result, fluids can flow out of the formation 116 to the surface 104. Further,
stimulation fluids may be pumped out of the casing 118 and into the formation 116 to serve various

purposes in producing fluids from the formation 116.

[0018] One embodiment of a perforation charge element 136, 138, 140, 142, illustrated in Fig. 4,
includes 6 perforating charges 402, 404, 406, 408, 410, 412, and 414. It will be understood that by a
person of ordinary skill in the art that each perforation charge element 136, 138, 140, 142 can include

any number of perforating charges.

[0019] In one embodiment, the perforating charges are linked together by a detonating cord 416 which
is attached to a detonator 418. In one embodiment, when the detonator 418 is detonated, the
detonating cord 416 links the explosive event to all the perforating charges 402, 404, 406, 408, 410,
412, 414, detonating them simultancously. In one embodiment, a select fire sub 130, 132, 134, 135
containing a single fire clip switch (“FCS”) 420 is attached to the lower portion of the perforating
charge element 136, 138, 140, 142. In one embodiment, the select fire sub 130, 132, 134, 135 defines
the polarity of the voltage required to detonate the detonator in the perforating charge element above
the select fire sub. Thus in one embodiment, referring to Fig. 2, select fire sub 130 defines the polarity
of perforating charge element 136, select fire sub 132 defines the polarity of perforating charge
element 138, select fire sub 134 defines the polarity of perforating charge element 140, and select fire
sub 135 defines the polarity of perforating charge element 142. In one embodiment not shown in
Figure 2, the bottom-most perforating charge element 142 is not coupled to a select fire sub (i.c., select

fire sub 135 is not present) and thus can be detonated by a voltage of either polarity.

[0020] In one embodiment illustrated in Fig. 5, a fire clip switch 420 includes a state-change

mechanism that is actuated by dissipating power across a collapsing element. In one embodiment,

3
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heat generated by the collapsing element triggers the state-change mechanism, causing the collapsing
element to collapse or causing another element, such as a tie-wrap or an eutectic substance, to collapse

or change physical state and to become significantly weak in a structural sense.

[0021] In one embodiment, the switch includes a C-shaped spring 505.  In one embodiment, the
spring 505 is mechanically coupled to a first contact 510 and a second contact 515. In one
embodiment, portions of the spring, 520 and 525, adjacent to the first contact 510 and the second
contact 515 are non-conductive to electricity. In one embodiment, the spring 505 is made of an elastic
material such as steel. In one embodiment, in its non-deformed shape, the spring 505 closes more than
is shown in Fig. 5 such that the first contact 510 and second contact 515 come into contact with each

other and form a good electrical connection.

[0022] In one embodiment, the fire clip switch 420 includes two handles, or tension elements, 530 and
535. In one embodiment, the handles 530 and 535 are made of a material that is non-conductive
material to electricity, such as plastic. In one embodiment, the handles 530 and 535 are mechanically
coupled to the spring 505. In one embodiment, the handles 530, 535 are mechanically coupled to and
held in the position shown in Fig. 5 by a collapsing element 540. That is, in one embodiment, the
handles 530 and 535 are urged toward each other to the position shown in Fig. 5 and then the
collapsing element 540 is mechanically affixed to the handles 530, 535 to hold them in place, which in
turn deforms the spring 505 as shown in Fig. 5. In one embodiment, the spring 505 tends to urge the
handles 530 and 535 away from each other such that when the fire clip switch 420 is in the state shown
in Fig. 5, the collapsing element 540 is under mechanical stress. In one embodiment (not shown), the
spring is a leaf spring fixed at a proximal end to a post. In one embodiment, the leaf spring is held in
tension by a collapsing element, similar to collapsing element 540, so that its distal end is in electrical
contact with a normally-closed contact. In one embodiment, when the collapsing element collapses
structurally the distal end of the spring breaks electrical contact with the normally-closed contact and

makes an electrical connection with a normally-open contact.

[0023] In one embodiment, the collapsing element 540 is coupled to an “actuation” line 545 through a

diode 550 and to a ground line 555.
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[0024] In one embodiment, the first contact 510 is coupled to a “power” line 560 through a diode 565.
In one embodiment, contact 515 is coupled to a “fire” line 570 through a diode 575. In one

embodiment, diode 575 is optional but is recommended for the safety of the fire clip switch 420.

[0025] In one embodiment, an “enable” line 580 is coupled to the “actuation” line 545 of a higher
switch in the perforation apparatus 122 so that fire clip switches can be chained together, as shown in
Fig. 11 and discussed below. In one embodiment, the “power” line 560 and the “actuate” line 545 of
the bottommost switch are coupled to each other and to a Power Line 1105 from the shooting panel

106 as shown in Fig. 11 and discussed below.

[0026] In one embodiment, as shown in Fig. 6, a power pgi, shown by an arrow that reflects the
polarity of the power pgi, is applied to the collapsing element 540 where power pgy is sufficient to
cause collapsing element 540 to collapse structurally, as indicated by the two broken parts in the circle

designated 540 in Fig. 6.

[0027] For example, in one embodiment, the collapsing element 540 is a resistor. In one embodiment,
the collapsing element 540 is a 10 watt resistor that collapses structurally (e.g., explodes) if it is
exposed to 50 watts of power. In that case, if the voltage across the resistor collapsing element 540 is
200 volts and the current flowing through the resistor collapsing element 540 is 250 milliamps, the
resistor 540 is being exposed to 50 watts (200 volts x 250 milliamps) and the resistor 540 will fail by,

for example, exploding.

[0028] In one embodiment, the collapsing element 540 is an electrolytic capacitor that is destroyed by
the application of power of a sufficient magnitude and a “wrong” polarity. In one embodiment, the

application of power P destroys the electrolytic capacitor.

[0029] In one embodiment, the collapsing element 540 is an electromagnetic choke with a magnetic

core that fails catastrophically upon the application of power Prail.

[0030] Persons of ordinary skill would recognize that the collapsing element 540 could be made from
other components, such as semiconductors, etc., or an arrangement thereof, that structurally collapse

under the application of electrical power.
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[0031] As mentioned above, when the fire clip switch 420 is in the state shown in Fig. 5, the
collapsing element 540 is under stress and the spring 505 is urging the handles 530 and 535 apart. In
one embodiment, when the collapsing element 540 fails, as shown in Fig. 6, the handles 530 and 535
move apart as indicated by the arrow 605 and the spring 505 moves as shown by the arrows 610. In
one embodiment, the movement of the spring 505 causes the first contact 510 to come into contact
with the second contact 515, closing a circuit between the power line 560 and the fire line 570 through

diodes 565 and 575, which allows a current ig,. to flow in the direction shown by the arrow in Fig. 6.

[0032] In one embodiment, shown in Fig. 7, the direction of current flow (or the polarity of the applied
power) is reversed (as compared to the direction of current flow in Fig. 5) in both the actuation circuit,
the circuit that includes the collapsing element 540, and the firing circuit, the circuit that includes the
first contact 510 and the second contact 515. In one embodiment, the direction of current flow in the
actuation circuit is reversed by reversing the polarity of diode 550 as compared to the polarity of diode
550 in Fig. 5. In one embodiment, the direction of current flow in the firing circuit is changed by
changing the polarity of diodes 565 and 575 as compared to the polarity of diodes 565 and 575 in Fig.
5. Thus, in Fig. 5 the actuation circuit is activated by negative power and in Fig. 7, the actuation
circuit is activated by positive power. In Fig. 5 the firing circuit is activated by positive power and in
Fig. 7, the firing circuit is activated by negative power. In both Fig. 5 and Fig. 7, the power to activate
the actuation circuit has the opposite polarity of the power to activate the firing circuit. Fig. 8, which is
the same as Fig. 6 except for the polarity of ig; and ige, shows the fire clip switch 420 after the

collapsing element 540 has failed.

[0033] In one embodiment, illustrated in Fig. 9, the collapsing element 540, rather than failing itself,
causes a restraining element 905 to fail. In one embodiment, the strain on the spring 505 is created by
the restraining element 905 rather than the collapsing element 540. In one embodiment, while the
collapsing element 540 is mechanically coupled to the handles 530 and 535, the mechanical coupling is
not sufficiently strong to maintain the handles 530 and 535 in the positions shown in Fig. 9. Instead,

the handles 530 and 535 are maintained in the positions shown by the restraining element 905.

[0034] In one embodiment, the restraining element 905 is an element that is predictably susceptible to
structural failure when it exposed to heat. In one embodiment, the restraining element 905 is a tie
wrap. In one embodiment, the restraining element is a rubber band. In one embodiment, the

restraining element 905 905 is a eutectic substance, i.c., a mixture of two or more substances with a
6
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melting point lower than any of the substances in the mixture. In one embodiment, the eutectic

substance is solder.

[0035] In one embodiment, the circuit in Fig. 9 operates in the same way as the circuit shown in Fig. 5
except that instead of the collapsing element 540 failing as in Fig. 5, heat from the collapsing element
540, indicated by the lightning bolt symbols adjacent the collapsing element 540 in Fig. 9, cause the
restraining element 905 to melt or otherwise change state and fail or to weaken sufficiently to allow the
spring to relax. The result, as shown in Fig. 10, is the same as in Fig. 6, except that the restraining
element 905 has failed instead of the collapsing element 540. The contacts 510 and 515 have closed

allowing the firing current ig to flow through the firing circuit.

[0036] In one embodiment, illustrated in Fig. 11, a plurality of fire clip switches, such as those
illustrated in Figs. 5-10, is incorporated in a gun string. In the figure, the dashed lines separate tandem
subs, denoted by the letter “T,” and perforating guns, denoted by the letter “G.” In one embodiment,
the tandem subs hold the fire clip switches and interconnect the perforating guns. In one embodiment,
the fire clip switches are installed alternately, i.c., a positive switch follows a negative switch and vice
versa. In one embodiment, the bottommost fire clip switch is a positive fire clip switch, as shown in

Fig. 11. In one embodiment, the bottommost fire clip switch is a negative fire clip switch.

[0037] The open circles in Fig. 11 represent sealed contacts between the tandem subs and the
perforating guns. In one embodiment, a setting tool (not shown) is included and similar sealed
contacts are provided between the setting tool and the bottommost perforating gun. In one
embodiment, each of the dashed boxes represents a positive fire clip switch, such as that shown in
Figs. 5, 6, 9, and 10, or a negative fire clip switch, such as that shown in Figs. 7 and 8. The resistors in
the gun portions of Fig. 11 represent detonators that, in one embodiment, fire when sufficient current
flows through them. The tandem subs and perforating guns are arranged in a string with the bottom of
the string represented at the far right of Fig. 11 and the top of the string represented at the far left of
Fig. 11.

[0038] In one embodiment, a “power” line 1105 crosses through all the tandems and guns except for
the bottom one. In one embodiment, the “actuation” line of the bottommost fire clip switch is coupled
to the “power” line, as shown in Fig. 11. In one embodiment, the “enable” line of the bottommost fire

clip switch is coupled to the “actuation” line of the fire clip switch of immediately above it in the

7
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string, as shown in Fig. 11. In one embodiment, the “actuation” line of all but the bottommost fire clip
switch is connected to the “enable” line of the fire clip switch below it in the string, as shown in Fig.

11.

[0039] In one embodiment, at installation time all switches are in an open state where the contacts do
not touch each other, such as that shown in Figs. 5, 7, and 9. In one embodiment, the wires going from
a tandem sub to a gun are hydraulically sealed, as indicated by the open circles on Fig. 11, to prevent
fluid from entering a tandem sub after the gun immediately below is fired and borehole fluids fill the

gun body.

[0040] In one embodiment, the bottommost switch is a positive fire switch, such as that shown in Figs.
5, 6,9, and 10. In one embodiment, all switches in the string are stressed, keeping the electrical
contacts separated (i.c., the contacts associated with each switch are not in contact with each other).
The stress is held by the collapsing element 540 or by the restraining element 905. In one embodiment,
when sufficiently high negative voltage is applied to the power line 1105 in Fig. 11, which corresponds
to the actuation line 545 in Figs. 5-10, a large current flows through diode 550 and through the
collapsing element 540. In one embodiment, the current causes the collapsing element 540 or the
restraining element 905 to fail, assisted by the force exerted by the spring 505, as discussed above. In
one embodiment, the force of the spring is also used also to enhance the quality of the grounding
connection to the gun chassis. In one embodiment, diodes 565 and 575 provide a double barrier
against accidentally firing the detonator while the switch is being actuated. In one embodiment, as the
collapsing element 540 or the restraining element 905 fails, the spring relaxes and the contacts 510 and
515 come together. This creates a path for positive current to flow from the power line through diodes

565 and 575 through the detonator to the gun chassis, which, in one embodiment, is the circuit ground.

[0041] In one embodiment, when the detonator is fired using positive voltage, the switch installed in
the gun above, which uses a switch of opposed polarity, is actuated and its contacts are shorted
(causing its associated switch to be closed). In one embodiment, the detonator in that gun (or in a

setting tool if included) can now be fired using negative voltage.

[0042] In one embodiment, all subsequent guns are fired in accordance with the procedure presented

above, until the last gun is fired. In one embodiment, the gun string is engineered so that the
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collapsing element 540 or the restraining element 905 collapses before the borehole fluid invades the

fired gun (and shorts the actuation line).

[0043] In one embodiment, the system shown in Fig. 11 presents no significant ohmic losses, which
allows it to be used with gun strings involving a very large number of perforating guns. In one
embodiment, this also means that the surface system, i.c., the firing panel 106, sees practically the

same impedance across the shooting connection.

[0044] One embodiment, illustrated in Fig. 12, includes a voltage barrier, such as spark gap 1205, to
give better assurance that the collapsing element 540 or the restraining element 905 collapses before
the explosion takes place, if, for example, the shooting voltage is ramped up instead of being applied in
a single step/“voltage dump”. In one embodiment in which the collapsing element is a resistor
installed in series with another resistor (such as the resistance represented by wireline conductors)
connecting to a power supply, the value of the resistor is chosen to be low enough that the voltage
across it under maximum power conditions is always lower than the voltage barrier provided by a

diode or set of diodes installed in series with the detonator.

[0045] One embodiment, illustrated in Figs. 12 and 13, includes a verification device, such as a
resistor (Rvfy) 1210, having an impedance much greater than the collapsing element 540, or a fuse
1305 that is used to verify through the power line (using a resistance meter) that the switch was
successfully actuated. The change in line current that occurs when the fuse 1305 blows serves to

indicate the actuation of the switch.

[0046] In one embodiment, the wires going from the tandem to the gun are not sealed with o-rings. In
one embodiment, the seal is provided by an epoxy or another type of hydraulic sealing and non-
conductive compounds that provides a barrier that prevents the fluids invading from reaching the upper

gun and from coming in contact with the switch and shorting its contacts.

[0047] In one embodiment, the perforating system 122 is controlled by software in the form of a
computer program on a computer readable media 1405, such as a CD or DVD, as shown in Fig. 14. In
one embodiment, a computer 1410, which may be the same as or included in the firing panel 106 or
may be located with the perforation apparatus 122, reads the computer program from the computer

readable media 1405 through an input/output device 1415 and stores it in a memory 1420 where it is
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prepared for execution through compiling and linking, if necessary, and then executed. In one
embodiment, the system accepts inputs through an input/output device 1415, such as a keyboard, and
provides outputs through an input/output device 1415, such as a monitor or printer. In one
embodiment, the system stores the results of calculations in memory 1420 or modifies such

calculations that already exist in memory 1420.

[0048] In one embodiment, the results of calculations that reside in memory 1420 are made available
through a network 1425 to a remote real time operating center 1430. In one embodiment, the remote
real time operating center 1430 makes the results of calculations available through a network 1435 to

help in the planning of oil wells 1440 or in the drilling of oil wells 1440.

[0049] In one embodiment, it is useful for a fire clip switch to have more than one contact. For
example, if a perforating gun (i.c., one of the regions labeled with “G” in Fig. 11) is flooded with a
conductive fluid as the result of the firing of a detonator, the conductive fluid may create a short circuit
between the Power line and the housing of the gun string. That short may prevent the unfired guns
from firing. For example, suppose that firing of the bottommost gun in Fig. 11 causes the perforating
gun (“G”) just above it to flood with a conductive fluid shorting the Power line to ground. Subsequent

attempts to fire the next-higher gun would fail because of the shorted Power line.

[0050] In one embodiment, the fire clip switch is provided with multiple contacts. In one embodiment,
at least some of the multiple contacts of the fire clip switch are used to isolate the perforating gun, as
shown in Fig. 23, discussed below, so that flooding of those perforating guns does not disable other

perforating guns in the gun string from firing.

[0051] In one embodiment, illustrated in Fig. 15, a fire clip switch 1502, which is otherwise similar in
construction and operation to the fire clip switch 420 illustrated in Figs. 5-10, includes three sets of
switch contacts, two sets of normally-open contacts and one set of normally-closed contacts. It will be
understood that the number of normally-open contacts and the number of normally-closed contacts
discussed herein is merely illustrative and that any number of either variety of contacts can be
included. The fire clip switch 1502 includes a spring 1505 that, in one embodiment is made of non-
conductive material. The fire clip switch 1502 further includes two handles 1530 and 1535 that are
coupled to the spring 1505 as shown in Fig. 15. In one embodiment, the two handles 1530 and 1535

are made of non-conductive material. In one embodiment, the fire clip switch includes a collapsing

10
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element 1540 that is similar to the collapsing element 540 described above with respect to Figs. 5-10.
In one embodiment, the spring 1505, handles 1530 and 1535, and the collapsing element 1540 operate

similarly to the similar elements described above with respect to Figs. 5-10.

[0052] In one embodiment, the fire clip switch 1502 includes two normally-closed contacts B1 and B2,
that are connected to each other when the fire clip switch 1502 is in the state shown in Fig. 15 (i.e.,
before the collapsing element 1540 has collapsed). In one embodiment, the normally-closed contacts
B1 and B2 are pressure fit together so that they maintain mechanical and electrical contact when the
fire clip switch 1502 is in the state shown in Fig. 15 but can be separated by the application of force of
an appropriate magnitude in the opposite direction to the two contacts B1 and B2. In one embodiment,
the spring 1505 applies a force of an appropriate magnitude when the collapsing element 1540

collapses and allows the spring 1505 to collapse back to its non-deformed state.

[0053] In one embodiment, shown in Fig. 15, contact Bl is rigidly mounted to handle 1530 and
contact B2 is rigidly mounted to handle 1535. In one embodiment, one or both of the contacts B1 and
B2 is flexibly mounted to its respective handle 1530 and 1535. In one embodiment, one or both of the

contacts B1 and B2 is attached to its respective handle 1530 and 1535 by a tether or wire (not shown).

[0054] In one embodiment, the collapsing element 1540 is mechanically coupled to the handles 1530
and 1535 by anchors 1545 and 1550 that are embedded in handles 1530 and 1535, respectively. In one
embodiment, the collapsing element 1540 is mechanically coupled to the handles 1530 and 1535 by,
for example, wrapping leads of the collapsing element 1540, which in one embodiment is, for example,
a low wattage resistor, a diode, or a length of NiCh (nickel chrome) wire, around handles 1530 and

1535, respectively.

[0055] The normally-open contacts are illustrated in Fig. 16, which is a more detailed version of the
arca enclosed by the dashed circle in Fig. 15. As can be seen in Fig. 16, a first pair of normally-open
contacts Al and A2 is coupled to the spring 1505 at a place near the opening 1605 in the spring 1505.
Contact Al is electrically isolated from contact A2 when the fire clip switch 1502 is in the condition
shown in Fig. 15. A second pair of normally-open contacts C1 and C2 is coupled to the spring 1505
such that the contacts Al and A2 are closer to the opening 1605 than the contacts C1 and C2. Contact
Cl1 is electrically isolated from contact C2 when the fire clip switch 1502 is in the condition shown in

Fig. 15.
11
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[0056] In one embodiment, as discussed above, the spring 1505 is completely non-conductive. In one
embodiment, the spring 1505 is non-conductive in the area where the contacts Al, A2, C1, and C2 are
coupled. In one embodiment, the spring 1505 is conductive and contacts Al, A2, C1, and C2 are
coupled to the spring 1505 using a non-conductive material or using a separator (not shown), such as a
rubber or plastic gasket or washer, to prevent the contacts Al, A2, C1, and C2 from being eclectrically

connected to the spring 1505.

[0057] Returning to Fig. 15, in one embodiment, a “Power-in” line is coupled to contact B1, the anode
of diode d2, and the cathode of diode d4. In one embodiment, the cathode of diode d2 is coupled to

contact Al. In one embodiment, the anode of diode d4 is coupled to contact C1.

[0058] In one embodiment, an “Enable” line is coupled to the anode of diode d3 and to contact A2.
Further, in one embodiment, as will be seen in the discussion of Fig. 23, the Enable line of one fire clip
switch can be coupled to an “Attach” line (discussed below) of the next-higher fire clip switch in a gun

string.

[0059] In one embodiment, a “Fire” line is coupled to the cathode of diode d3. In one embodiment, as

will be seen in the discussion of Fig. 23, the Fire line is coupled to a detonator.

[0060] In one embodiment, a “Power-out” line is coupled to contact B2. Further, in one embodiment,
as will be seen in the discussion of Fig. 23, the Power-out line can be coupled to the Power-in line of

the next-lower gun.

[0061] In one embodiment, a “GND” line is coupled to one side of the collapsing element 1540.
Further, in one embodiment, as will be seen in the discussion of Fig. 23, the GND line is coupled to the

gun chassis.

[0062] In one embodiment, an “Attach” line is coupled to the cathode of diode d1 and to contact C2.
In one embodiment, the anode of diode d1 is coupled to the side of the collapsing element 1540
opposite the connection to the GND line. Further, in one embodiment, as will be seen in the discussion
of Fig. 23, the Attach line is coupled to the Enable line of the next-lower fire clip switch in the gun

string.
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[0063] Figs. 17 and 18 illustrate the fire clip switch 1502 after the collapsing element (indicated by the
two broken pieces within the coarsely dashed circle labeled 1540) has collapsed. The collapse of the
collapsing element 1540 allows the spring to relax and narrow opening 1605 to a state in which the
contact Al is mechanically and electrically connected to contact A2 and contact C1 is mechanically
and electrically connected to contact C2, as shown in Fig. 18. The relaxation of the spring 1505 causes
the handle 1545 to move away from the handle 1550, which causes contact B1 to disconnect from
contact B2. Thus, in one embodiment, the collapse of the collapsing element 1540 closes contact Al

to contact A2 and contact C1 to contact C2 and disconnects contact B1 from contact B2.

[0064] Generally, in one embodiment, the spring 1505 has a first spring state, i.c., the state shown in
Fig. 15, in which it is being held in tension by a restraining element, such as the collapsing element
1540. Alternatively, the restraining element is similar in construction and operation to the restraining
element 905 shown in Figs. 9 and 10. In one embodiment, the spring 1505 has a second spring state,
1.e., the state shown in Fig. 17, in which it is not being held in tension because the restraining element,
such as the collapsing element 1540, has structurally failed. In one embodiment, the collapsing
element 1540 is situated or positioned such that, when sufficient power is applied to the collapsing
element 1540, heat from the collapsing element 1540 will cause the restraining element, e.g. the

collapsing element 1540 itself or the restraining element 9035, to fail.

[0065] In one embodiment, a first contact, e.g., Al, C1, or B1, is coupled to the spring 1505. In one
embodiment, contact Bl is indirectly coupled to the spring 1505 through the handle 1530. In one
embodiment, a second contact, e.g., A2, C2, or B2 is coupled to the spring 1505. In one embodiment,

contact B2 is indirectly coupled to the spring through the handle 1535.

[0066] In one embodiment, the first contact and the second contact have a “first 1-2 electrical
connection state” when the spring 1505 is in the first spring state. For example, if the first contact is
Al or CI and the second contact is A2 or C2, the first spring state has the first contact electrically
isolated, separate, or disconnected from the second contact. If the first contact is B1 and the second
contact is B2, the first spring state has the first contact electrically connected to the second contact so

that electrical current can flow from the first contact to the second contact.

[0067] In one embodiment, the first contact and the second contact have a “second 1-2 electrical

connection state” when the spring 1505 is in the second spring state. For example, if the first contact is
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Al or C1 and the second contact is A2 or C2, the second spring state has the first contact electrically
connected to the second contact. If the first contact is B1 and the second contact is B2, the second
spring state has the first contact electrically isolated, separate, or disconnected from the second contact

so that electrical current can flow from the first contact to the second contact.

[0068] In one embodiment, a third contact, e.g., Al, C1, or B1, is coupled to the spring 1505. In one
embodiment, contact Bl is indirectly coupled to the spring 1505 through the handle 1530. In one
embodiment, a fourth contact, e.g., A2, C2, or B2, is coupled to the spring 1505. In one embodiment,

contact B2 is indirectly coupled to the spring through handle 1535.

[0069] In one embodiment, the third contact and the fourth contact have a “first 3-4 electrical
connection state” when the spring is in the first spring state. For example, if the third contact is Al or
C1 and the fourth contact is A2 or C2, the first spring state has the third contact electrically isolated,
separate, or disconnected from the fourth contact so that no current can flow across the boundary
between the third contact and the fourth contact. If the third contact is B1 and the fourth contact is B2,
the first spring state has the third contact electrically connected to the fourth contact so that electrical

current can flow from the third contact to the fourth contact.

[0070] In one embodiment, the third contact and the fourth contact have a “second 3-4 electrical
connection state” when the spring 1505 is in the second spring state. For example, if the third contact
is Al or C1 and the fourth contact is A2 or C2, the second spring state has the third contact electrically
connected to the fourth contact so that electrical current can flow from the third contact to the fourth
contact. If the third contact is B1 and the fourth contact is B2, the second spring state has the third
contact clectrically isolated, separate, or disconnected from the fourth contact so that no current can

flow across the boundary between the third contact and the fourth contact.

[0071] Figs. 19 and 20 are identical to Figs. 15 and 16 except that the polarity of the diodes is

reversed. Fig. 15 shows a positive switch. Fig. 19 shows a negative switch.

[0072] Figs. 21 and 22 are identical to Figs. 17 and 18 except that the polarity of the diodes is

reversed. Fig. 17 shows a positive switch. Fig. 21 shows a negative switch.

[0073] Fig. 23 illustrates an example of a typical use of the fire clip switches shown in Figs. 15-22 in
a downhole wireline perforating gun string. In Fig. 23, each tandem (TN) and its associated gun (GN)
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constitute a logical element. That is tandem T1 and gun G1 constitute a logical element, as do tandem
T2 and gun G2, tandem T3 and gun G3, and tandem T4 and gun G4. It will be understood that the
perforating gun string could be extended open-endedly with the addition of tandem/gun logical
clements. Note that in Fig. 23 diode d4 is on the opposite side of the C contacts compared to its

location in Figs. 15, 17, 19, and 21. In alternative embodiments, diode d4 can be in either location.

[0074] In one embodiment, every tandem includes one fire clip switch. In one embodiment, each
tandem/gun logical element has five external connections: Power-in, Power-out, Attach, Enable, and
Fire, although the Fire connection is to the detonator, which is part of the tandem/gun logical element.
In one embodiment, the fire clip switches are installed alternately; that is, a positive fire clip switch,
such as those illustrated in Figs. 15-18, is followed by a negative fire clip switch, such as those
illustrated in Figs. 19-22, and vice versa. This is shown in Fig. 23, in which T1/G1 includes a positive
fire clip switch, T2/G2 includes a negative fire clip switch, T3/G3 includes a positive fire clip switch,

and T4/G4 includes a negative fire clip switch.

[0075] In one embodiment, the guns are fired from the bottom up with T1/G1 being the bottommost
gun in Fig. 23. This is because, in one embodiment, the blast will destroy everything inside the gun,

including the switch and the lines running through it.

[0076] In one embodiment, the first switch of the bottommost gun T1/G1 is activated by applying a
negative power on the Power-in line. The switch in T1/G1 has its Attach line coupled to its Power-out
line because there are no guns below it. In this sense, T1/G1 is unique. In all other TN/GN units, the
Attach line is coupled to the Enable line of the switch installed below it. Applying negative power to
the Power-in line of a positive fire clip switch (or positive power to the Power-in line of a negative fire
clip switch) is called “Attach” or “Attachment.” Before Attachment there is no path for positive power
because the A contacts (Al and A2) and the C contacts (C1 and C2) are open and because of the
blocking action of d1. Attachment causes the structural collapse of the collapsing element 2305, which
causes the A contacts and the C contacts to close, the B contacts (B1 and B2) to open, and the circuit

through d1 to open.

[0077] Once T1/G1 is attached, the detonator 2310 in G1 can be fired using positive power. Upon
applying positive power to the Power-in line, current travels through diode d2 in T1/G1 and contacts A

in T1/G1 reaching and collapsing the collapsing element 2315 of the T2/G2 switch through diode d1 in
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T2/G2 and to ground. A path to ground also exists through diode d3 in T1, the T1/G1 Fire line, and
the T1/G1 detonator. In one embodiment in which the collapsing element 2315 is a resistor R, the
resistance of the switch R in T2/G2 is much smaller than the resistance of the detonator 2310 in T1/G1,
so the current through the collapsing element 2315 will be much higher than that flowing through the
detonator 2310. When the collapsing element 2315 in T2/G2 collapses, the contacts B in T2/G2 will
open and cut off the current flowing so that the power line does not get shorted to ground when the gun
G1 is flooded by conductive borehole fluid. An alternative path for positive power still exists through
the now-closed C contacts and diode d4. Additionally, R forms a voltage divider with the resistance of
the wireline, Rwr, producing a low voltage on the detonator in T1/G1, insufficient to set it off. This
shunting action of the detonator is reinforced by d3. In one embodiment, one or more additional

diodes are placed between diode d3 and DET to improve this protection.

[0078] In one embodiment, a power Zener diode (not shown) is in series with d3 between d3 and the
detonator to guarantee that no current travels through the detonator until the collapsing element in the

tandem/gun above has collapsed.

[0079] In one embodiment, the collapsing element (e.g., 2305 or 2315) is a diode that collapses
structurally and clamps the voltage on the detonator to a fixed low value so that the collapsing element

collapses structurally but the detonator is preserved.

[0080] Once the collapsing element 2315 in T2/G2 has collapsed, contact B in T2/G2 opens and
contacts C in T2/G2 close. Now current will travel into the detonator of T1/G1 through contacts C and
diode d4 of T2/G2, triggering the blasting of the primer cord and the perforating charges in the
detonator 2310 in T1/G1.

[0081] In one embodiment, the opening of the B contacts in T2/G2 prevents short circuiting the
Power-in line by conductive well fluid that invades the blasted gun below it. Contacts C in T2/G2
allow power to flow to the collapsing element 2315 in T2/G2 and the detonator 2310 in T1/G1 after
contacts B in T1/G1 open while attaching the switch of T2/G2.

[0082] This sequence of actions can be applied indefinitely to a perforating gun string with practically

any number of guns.

16



10

15

20

25

30

WO 2012/166192 PCT/US2011/055729

[0083] In one embodiment, illustrated in Fig. 24, each tandem (i.e., T1 and T2 in Fig. 24) includes a
dual switch assembly (“DSA”) 2405 and 2410. In one embodiment, each dual switch assembly 2405
and 2410 includes two switches of the type illustrated in Figs. 15-20. In one embodiment, such an
arrangement allows the same polarity power to be used for attaching ecach of the dual switch
assemblies 2405 and 2410, the same polarity power to be used for enabling the dual switch assemblies

2405 and 2410, and the same polarity power to be used for firing the detonators.

[0084] In one embodiment, shown in Fig. 24, the Power Out line of one dual switch assembly, e.g., the
dual switch assembly 2410 in tandem T2, is coupled to the Power In line of the dual switch assembly
in the tandem immediately below, e.g., the dual switch assembly 2405 in tandem TI1. In one
embodiment, power enters a dual switch assembly through the Power In line and is transmitted to
another dual switch assembly through the Power Out line. In one embodiment, the Attach line is
shorted to the Power Out line in the first (lowest) tandem, i.e., tandem T1, and is used to carry power
to attach the dual switch assembly 2405 in T1. In one embodiment, the Enable line from the first dual
switch assembly 2405 in tandem T1 is coupled to the Attach line of the dual switch assembly 2410 in
tandem T2 and is used to attach that switch. In one embodiment, the Fire line is coupled to the device
(“DEV”) to be activated. In one embodiment, the device to be activated is a detonator and Fire line is
used to detonate the detonator. In one embodiment, the device to be activated is not a destructive

device and the Fire line is used to activate the non-destructive device’s functionality.

[0085] One embodiment of a dual switch assembly, shown in Fig. 25, includes two switches S1 and S2
of the type illustrated in Figs. 15-20 using only one normally-open set of contacts, ¢.g. contacts Al and
A2, and one normally-closed set of contacts, ¢.g. contacts Bl and B2 . In one embodiment, switch S1
has a normally open set of contacts, Slcl, and a normally closed set of contacts, S1c2. In one
embodiment, the normally open set of contacts Slcl are similar to contacts A1/A2 or C1/C2 in Figs
15-22. In one embodiment, the normally closed set of contacts S1c2 is similar to contacts B1/B2 in

Figs. 15-22.

[0086] Returning to Fig. 25, in one embodiment, the Power In line is coupled to one side of the
normally closed S1c2 contacts and to one side of the normally open Slcl contacts. In one
embodiment, the other side of the S1c2 contacts is coupled to the Power Out line through a hydraulic
seal represented by the open circle shown in Fig. 25. In one embodiment, the other side of the Slcl

contacts is coupled to the anode of diode d3 and the cathode of diode d2. In one embodiment, the
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anode of diode d2 is coupled to the activating element, such as the collapsing element 1540 or the
restraining element 905 discussed above, of switch S2, represented by the resistor symbol. In one
embodiment, the other side of the activating element of switch S2 is coupled to ground. In one
embodiment, the cathode of diode d3 is coupled to one side of the normally open S2¢1 contacts and
one side of the normally closed S2¢2 contacts. In one embodiment, the other side of the S2¢1 contact
is coupled to the Enable line and to the anode of the first of three diodes, d4, d5, and d6, connected in
series. In one embodiment, the cathode of diode d6 is coupled to the Fire line. In one embodiment, the
other side of the S2¢2 contacts is coupled to the Attach line through a hydraulic seal and to the anode
of diode d1. In one embodiment, the cathode of diode d1 is coupled to the activating element, such as
the collapsing element 1540 or the restraining element 905 discussed above, of switch S1, represented
by the resistor symbol. In one embodiment, the other side of the activating element of switch S1 is

coupled to ground.

[0087] In this configuration, in one embodiment, positive power applied to the Power In line flows
through the normally closed S1c2 contacts to the Power Out line but is blocked from any other
components in the switch by the normally open Slcl contacts. In one embodiment, positive power
applied to the Attach line flows is blocked by the normally open S2c1 contacts and diode d3 but flows
through diode d1 and activates switch S1 causing the normally closed S1c2 contacts to open and the

normally open Slcl contacts to close.

[0088] In that configuration, in one embodiment, negative power applied to the Power In line will be
blocked by the now-open S1c2 contacts but flow through the now-closed Slcl contacts. In one
embodiment, that power will be blocked by diode d3 but will flow through diode d2 to activate switch

S2 causing the normally open S2c¢1 contacts to close and the normally closed S2¢2 contacts to open.

[0089] In that configuration, in one embodiment, application of positive power to the Power In line
will be blocked by the now open Slc2 contacts but flow through the now-closed Slcl contacts,
through d3, through the now-closed S2cl contacts, through diodes d4, d5, and d6 to the device to be
activated (e.g., detonator). In one embodiment, the positive power also flows out the Enable line and

attaches another switch, as will be discussed with respect to Fig. 26.

[0090] Fig. 26 illustrates one embodiment of a perforating apparatus having three tandems T1, T2, and

T3 and three guns, G1, G2, and G3. In one embodiment, each of the three tandems includes a dual
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switch assembly and each of the tandem/gun combinations (i.e., T1/G1, T2/G2, and T3/G3) has the
same polarity scheme. That is, in one embodiment, each attaches with the application of positive
power, enables with the application of negative power, and fires with the application of positive power.
In one embodiment, reversing the polarities of all of the diodes shown on Fig. 26 would reverse the
polarity scheme of the perforating apparatus so that each would attach with the application of negative

power, enable with the application of positive power and fire with the application of negative power.

[0091] In one embodiment, the Power Out line of each tandem/gun is coupled to the Power In line of
the successively lower tandem gun with the exception of the tandem/gun that is lowest in the
perforating apparatus (T1/G1, in the example shown in Fig. 26). In one embodiment, the Power Out
line of T1/Gl is coupled to its Attach line. In one embodiment, the Attach line of all other
tandem/guns is connected to the Enable line of the tandem/gun immediately below it. In one
embodiment, the Fire line of each tandem/gun is coupled to the device to be activated by each

tandem/gun.

[0092] In one embodiment, in the “Attach” process, positive power applied to the Power In line of
T3/G3 passes through the normally closed T3-S1¢2 contacts, the normally closed T2-S1¢2 contacts,
the normally closed T1-S1c2 contacts, the T1 Power Out line, the T1 Attach line, T1-d1 and activates
T1-S1, opening T1-S1c2 and closing T1-S1c2.

[0093] In one embodiment, in the “Enable” process following the Attach process, negative power
applied to the Power In line of T3/G3 passes through the normally closed T3-S1c2 contacts, the
normally closed T2-S1c¢2 contacts, the now-closed T1-Slcl contacts, T1-d2 and activates T1-S2,
closing T1-S2¢1 and opening T1-S2c2.

[0094] In one embodiment, in the “Fire” process following the Enable process, positive power applied
to the Power In line of T3/G3 passes through the normally closed T3-S1c2 contacts, the normally
closed T2-S1¢2 contacts, the now-closed T1-S1cl contacts, the now-closed T1-S2¢1 contacts and is

applied:
e through T2-d1 to T2-S1, and

e through T1-d4, T1-d5, and T1-d6 to DEVI.
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In one embodiment, the electrical resistance of the actuating element of T2-S1 is designed to be
considerably less than the resistance of DEV1 (in one embodiment the former is 10 percent of the
latter; in one embodiment, the former is 5 percent of the latter; in one embodiment, the former is 1
percent of the latter), so that most of the current flowing through T1-S2c1 will flow to T2-S1 rather
than DEV1. Further, in one embodiment, the diodes T1-d4, T1-d5, and T1-d6 (the actual number of
diodes strung in series is variable and a design choice) assures that the voltage across T2-S1 is greater
than the voltage across DEV1. In one embodiment, in one embodiment, T2-S1 is designed to actuate
at a voltage below the voltage necessary to actuate DEV1. As a result, in one embodiment, T2-S1 will

actuate before DEV1 actuates.

[0095] In one embodiment, the actuation of T2-S1 opens the normally closed T2-S1c2 contacts, which
deprives DEV1 of the power it was receiving through T1-Slcl and T1-S2cl. However, in one
embodiment, T2-S2 is designed such that T2-S1cl closes before T2-S1c2 opens. As a result, in one
embodiment, positive power is applied to DEV1 through T2-S1cl, T2-d3, normally closed T2-S2¢2
and T1-d4, T1-d5, and T1-d6. In one embodiment, power no longer flows to T1-S1 because of its
actuation. Therefore, in one embodiment, all positive power flows to DEV1, causing it to actuate. In
one embodiment, the actuation of DEV1 destroys T1/G1 and causes the G1 region to flood. In one

embodiment, the now-open T2-S1c2 contacts isolate the Power In line from the flooded G1 region.
[0096] In one embodiment, the other tandem/guns operate in a similar way.

[0097] While the fire clip switches have been described herein in the context of oil well perforation
operations, it should be understood that the switches described above could be used in other contexts
as well. Further, within the context of oil well perforation operations, the fire switches described

herein could be used in actuation of a setting tool.
[0098] The word “coupled” herein means a direct connection or an indirect connection.

[0099] The text above describes one or more specific embodiments of a broader invention. The
invention also is carried out in a variety of alternate embodiments and thus is not limited to those
described here. The foregoing description of the preferred embodiment of the invention has been
presented for the purposes of illustration and description. It is not intended to be exhaustive or to limit

the invention to the precise form disclosed. Many modifications and variations are possible in light of
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the above teaching. It is intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereto.
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Claims
1. A switch comprising:
a spring;
a collapsing element;
5 the spring having a first spring state in which it is being held in tension by a restraining

clement;
the spring having a second spring state in which it is not being held in tension because the
restraining element has failed;
the collapsing element being situated such that when sufficient power is applied to the
10 collapsing element heat from the collapsing element will cause the restraining element
to fail,;
a first contact coupled to the spring;
a second contact coupled to the spring;
the first contact and the second contact having a first 1-2 electrical connection state when the
15 spring is in the first spring state; and
the first contact and the second contact having a second 1-2 electrical connection state different
from the first 1-2 electrical connection state when the spring is in the second spring

state.

2. The switch of claim 1 wherein the restraining element is selected from a group consisting of a tie-

20  wrap, a eutectic substance, and the collapsing element.

3. The switch of claim 1 further comprising;:
a third contact coupled to the spring;
a fourth contact coupled to the spring;
the third contact and the fourth contact having a first 3-4 electrical connection state when the
25 spring is in the first state; and
the third contact and the fourth contact having a second 3-4 electrical connection state different

from the first 3-4 electrical connection state when the spring is in the second state.
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4. The switch of claim 3 wherein:
the first contact is electrically connected to the second contact in the first 1-2 electrical
connection state;
the first contact is electrically isolated from the second contact in the second 1-2 electrical
5 connection state;
the third contact is electrically connected to the fourth contact in the first 3-4 electrical
connection state;
the third contact is electrically isolated from the fourth contact in the second 3-4 electrical

connection state.

10 5. The switch of claim 1 wherein:
the spring is C-shaped, having a first end, a second end, and an arced element coupled to and
between the first end and the second end;
the first contact is coupled to the first end of the spring;
the second contact is coupled to the second end of the spring;
15 a first clongated tension element is provided that has a proximate end coupled to the first end of
the spring;
a second clongated tension element is provided that has a proximate end coupled to the second
end of the spring;
moving a distal end of the first elongated tension element toward a distal end of the second
20 clongated element causes the first end of the spring to separate from the second end of
the spring; and
the restraining element is coupled between the distal end of the first elongated tension element
and the distal end of the second elongated tension element such that the first end of the

spring is separated from the second end of the spring.

25 6. The switch of claim 5 wherein:
a portion of the first end of the spring adjacent to where the first contact is coupled is non-
conductive to electricity; and
a portion of the second end of the spring adjacent to where the second contact is coupled is

non-conductive to electricity

23



WO 2012/166192 PCT/US2011/055729

7. The switch of claim 1 further comprising;:

a voltage barrier coupled to the first contact.
8. The switch of claim 7 wherein the voltage barrier comprises a spark gap.

9. The switch of claim 1 further comprising;:

a verification device coupled to the first contact.

10. The switch of claim 9 wherein the verification device is selected from the group consisting of a
fuse and a resistor, the resistance of the resistor being much greater than the resistance of the

collapsing element.

24



WO 2012/166192 PCT/US2011/055729

11. A method comprising:
coupling a first switch to a Power-in line, the first switch comprising:
a spring;
a collapsing element;
5 the spring having a first spring state in which it is being held in tension by a restraining
clement;
the spring having a second spring state in which it is not being held in tension because
the restraining element has failed;
the collapsing element being situated such that, when sufficient current of a first
10 polarity is applied to the collapsing element, heat from the collapsing element
will cause the restraining element to fail;
a first contact coupled to the spring;
a second contact coupled to the spring;
the first contact and the second contact having a first 1-2 electrical connection state
15 when the spring is in the first spring state;
the first contact and the second contact having a second 1-2 electrical connection state
when the spring is in the second spring state;
the first contact coupled to a first switch Attach line;
the first switch Attach line coupled to the Power-in line; and
20 applying sufficient power of the first polarity through the Power-in line to the first switch
Attach line that the restraining element fails and the spring moves from the first spring

state to the second spring state.
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PCT/US2011/055729

coupling the second contact to a second switch Attach line on a second switch; and

after applying sufficient power of the first polarity through the Power-in line to the first switch

Attach line, directing current of a second polarity opposite the first polarity through the

first contact and the second contact to:

a perforating gun; and

the second switch Attach line, the second switch being constructed the same as

the first switch except that the second switch requires sufficient power of

the second polarity to cause a spring in the second switch to change from

a first spring state to a second spring state.

13. The method of claim 11 further comprising:

coupling the second contact to a second switch Attach line on a second switch; and

after applying sufficient power of the first polarity through the Power-in line to the first switch

Attach line, directing current of a second polarity opposite the first polarity through the

first contact and the second contact to:

an explosive initiator in a setting tool; and

the second switch Attach line, the second switch being constructed the same as

the first switch except that the second switch requires sufficient power of

the second polarity to cause a spring in the second switch to change from

a first spring state to a second spring state.

14. The method of claim 11 wherein:

the first switch further comprises:

a verification device coupled to the first contact; and

the method further comprises:

verifying that the restraining element has failed after applying sufficient power of the

first polarity to the Power-in line by detecting the presence of the verification

device.
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15. The method of claim 14 wherein detecting the presence of the verification device comprises
measuring an impedance between the Power-in line and a ground and comparing it to a known

impedance of the verification device.

16. One or more non-transitory computer-readable media storing computer-executable instructions
which, when executed on a computer system, perform a method comprising:
coupling a first switch to a Power-in line, the first switch comprising:
a spring;
a collapsing element;
the spring having a first spring state in which it is being held in tension by a restraining
clement;
the spring having a second spring state in which it is not being held in tension because
the restraining element has failed;
the collapsing element being situated such that, when sufficient current of a first
polarity is applied to the collapsing element, heat from the collapsing element
will cause the restraining element to fail;
a first contact coupled to the spring;
a second contact coupled to the spring;
the first contact and the second contact having a first 1-2 electrical connection state
when the spring is in the first spring state;
the first contact and the second contact having a second 1-2 electrical connection state
when the spring is in the second spring state;
the first contact coupled to a first switch Attach line;
the first switch Attach line coupled to the Power-in line; and
applying sufficient power of the first polarity through the Power-in line to the first switch
Attach line that the restraining element fails and the spring moves from the first spring

state to the second spring state.
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17. The computer-readable media of claim 16 wherein the method further comprises:

coupling the second contact to a second switch Attach line on a second switch; and

after applying sufficient power of the first polarity through the Power-in line to the first switch

Attach line, directing current of a second polarity opposite the first polarity through the

first contact and the second contact to:

a perforating gun; and

the second switch Attach line, the second switch being constructed the same as

the first switch except that the second switch requires sufficient power of

the second polarity to cause a spring in the second switch to change from

a first spring state to a second spring state.

18. The computer-readable media of claim 16 wherein the method further comprises:

coupling the second contact to a second switch Attach line on a second switch; and

after applying sufficient power of the first polarity through the Power-in line to the first switch

Attach line, directing current of a second polarity opposite the first polarity through the

first contact and the second contact to:

an explosive initiator in a setting tool; and

the second switch Attach line, the second switch being constructed the same as

the first switch except that the second switch requires sufficient power of

the second polarity to cause a spring in the second switch to change from

a first spring state to a second spring state.

19. The computer-readable media of claim 16 wherein:

the first switch further comprises:

a verification device coupled to the first contact; and

the method further comprises:

verifying that the restraining element has failed after applying sufficient power of the

first polarity to the Power-in line by detecting the presence of the verification

device.
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20. The computer-readable media of claim 19 wherein detecting the presence of the verification
device comprises measuring an impedance between the Power-in line and a ground and comparing it to

a known impedance of the verification device.
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